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A b stract The ultrasonic velocity in binary liquid mixtures with m-crcsol as the
common component has been measured using ultrasonic interferometric technique An 
attempt has been made to evaluate the sound velocity theoretically based on Noinoto’s and 
Van Duel and VangeelY ideal mixture relations. The peicentagc deviation o( ultrasonic 
velocity, Rao’s constant, molai volume and degree of molecular interaction term a  are also 
calculated with a view to study flic nature and extent of molecular interaction in the mixtures
K eyw ords Excess acoustical parameters, molecular interaction
1>ACS No. 43 35.Bf
The study of inlemiolecular interaction attracted the attention of quite a number of investigators 
who used mainly infrared, NMR chemical shifts, dipole moment studies and ultraviolet methods. 
Ultrasonic parameters are also intensively used to study molecular interaction in pure liquids 
11,2J, binary and ternary liquid mixtures [3-6] and ionic interactions in single and mixed salt 
solutions [7,8]. Attempts have been made by a number of investigators [5,9] to correlate the 
non-linear variation of ultrasonic velocity and compressibility with concentration to the 
structural changes occurring in a liquid mixture. Jain et al [10] have shown that ultrasonic 
measurements can be used to relate even weak intermolecular interactions with acoustical 
parameters.
The present paper is aimed to investigate the molecular interaction in liquid mixtures of 
wi-cresol with N. N. dimethylaniline, cyclohexane and aniline with special reference to the 
behaviour of adiabatic compressibility, molar volume, available volume and free length. 'The 
experimental findings of ultrasonic velocity with Nomoto’s [II] and Ideal mixing [ 12] relations 
are also correlated.
Ultrasonic velocities of the liquid mixtures have been experimentally measured at 2 MHz 
using an interferometer with an accuracy of ± 0.1 %. The temperature was maintained at 30°C ±
© 1998 1ACS
0 .1°C by an electronically controlled thermostat. The adiabatic compressibility Pa, free length 
Lj, molar volume V, available volume Va and the excess parameters are calculated using the 
standard relations [6]. The degree of molecular interaction oris given by
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a  =
u l  '
where Ulm is calculated using the relation suggested by Van Dael and Vangeel [ 12].
Table 1 presents the ultrasonic velocity, adiabatic compressibility, inlcrmolccular free 
length, molar volume, available volume and their excess parameters calculated for the systems 
Table 2 gives a summary of results on the percentage deviation of the ultrasonic velocity 
evaluated on the basis of Nomoto’s relation, Ideal mixing relation, percentage deviation oi 
Rao’s constant, molar volume and the molecular interaction term a  for the mixtures under 
investigation. ^
i
From the Table 2, we observe that the molecular interaction term arcxhibils both positive 
and negative values for the system wi-crcsol with N-N dimethylaniline and aniline whereas foi 
m-cresol with cyclohexane a  is negative for all concentrations. Wc also infer that the larger 
value of a  for cyclohexane in w-crcsol indicates larger deviation from ideality which may he 
due to the existence of strong tendency for the formation of association in the mixture through 
hydrogen bonding as reported by Kaulgud and Patil [13J. For the system /w-crcsol with N. N 
dimethylaniline /^changes from positive to an increasingly negative values which may he 
interpreted in terms of close approach of unlike molecules at higher concentration, 
indicating greater association. This behaviour is consistent with the findings of Adgaonkar 
etal 114].
For the system ///-crcsol with aniline LE is negative for all values of concentration, 
whereas for the system w-cresol with N. N. dimethylaniline, both positive and negative values 
are observed. For the system m-crcsol with cyclohexane, Lkf is positive for all cencentrations 
According to Ramamurthy and Sastry [15], negative value of excess interm odular free length 
LEj indicates that sound waves cover longer distance due to decrease in inlcrmolccular length 
ascribing the dominant nature of hydrogen bond interaction between unlike molecules.
For all systems, the available volume is found to be positive for all concentrations. Fort 
and Moore [ 16] established that the positive contributions for excess value should be attributed 
to dispersion forces and negative excess values should be "due to charge transfer, dipole- 
induccd dipole, dipole-dipole interactions. Both positive and negative excess values observed 
in the present work for the systems m-cresol with N. N. dimethylaniline and aniline, confirms 
the existence of molecular interactions.
The values of ultrasonic velocities computed by Nomoto’s relation and Ideal mixing 
relation together with the experimental values versus molefractions are plotted in Figure 1. 
From the figure, we infer that m-cresol + cyclohexane system shows largest deviation between 
theoretical and experimental values. This may be due to the formation of association in the
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Table 2. The percentage deviation of ultrasonic velocity from Nomoto’s relation along with 
percentage deviation of Ideal mixing relation, Rao’s constant, molar volume and molecular 
interaction at 300l,K.
System
Mole
fraction
XA
Ultrasonic
velocity
Ultrasonic
Velocity
A U im
m a
Rao’s
constant
— % 
R
Molar
volume
V
Molecular
interaction
U1
__ p*p .
u 2m
%
U U
0.1371 -0.0736 -0  0396 -0  1299 -0  1 138 -0  000K
0.2713 -0  0832 -0.0266 -0  3539 -0  3261 -0.0005
0 38 1 I -0  07 18 -0  0049 -0.3293 - 0.3052 -0  0001
wi-cresol 0 4995 -0  0761 -0 0059 -0.21 51 -0  1897 -0  0001
+ 0.6052 -0  0708 -0  0046 -0  2146 ■0.1909i -0  0001
N N Dimcthylaniline 0 6576 -0  002 1 -0  0598 -0.4424 -0  44 17 -0.0012
0.7531 0 0082 0 0587 -0  1599 -0.1626^ 0.0011
0 8413 0.0237 0.0595 0 1742 -0.1 822^ 0.0012
0.9195 0.0490 0 0684 -0  1558 -0.1721 ' 0 0013
0.1094 -4  1597 -0  0083 -0  3380 +0 5669 -0  0165
0 2134 -5  1662 -1 4788 -1 3141 +0.3728 ■ 0.0289
0 3151 -5.5565 -1 4956 -2  7452 -0  9097 -0  0292
m-cresol 0 4058 -5.8637 - 1 6421 - 1 2566 +0 6485 -0  0320
+ 0 5136 -5  1604 -1 0170 -1 3198 +0 3653 -0  0200
cyclohexane 0.6090 -4  8587 -0  9936 -1 4340 +0.1574 -0  0195
0 7085 -4  1135 -0.7972 -1.2382 • +0 1130 -0.0157
0 8029 -3  4870 +0.9404 -1 0977 +0.0507 -0  0185
0.9999 -1 8674 -0  4139 -0.6692 -0  0502 -0  0082
0.0959 +0 6758 0 6313 +0 2602 +0 0345 +0 0127
0 2078 +0.4828 0 3992 +0.001 1 -0  1602 +0 0080
0 2942 +0 1415 0 0371 -0  0966 -0.1438 + 0 0007
7/i-cresol 0.3849 +0 3 167 0.1995 -0  0985 -0  2044 +0 0040
+ 0.4745 -0  1822 0.3049 -0  2596 -0.1988 -0  0060
Aniline 0 5864 -0.5933 -07111 - 0 3409 -0 1432 -0  0140
0.6735 -0  5906 -0  6996 0.2698 -0.0732 -0  0138
0.7876 -0.9935 -1.0732 -0.5325 -0.2016 -0  0211
0.8869 -0.7415 -0  7884 -0  3523 -0  1055 -0  0155
The number of significant figures is retained for internal consistency in calculations.
mixture through hydrogen bonding as indicated by Kaulgud and Patil [13]. For the system m- 
cresol + cyclohexane, the ultrasonic velocity values calculated using Nomoto’s relation deviates 
from the experimental values by 5.86% whereas those calculated from Ideal mixing relation, 
deviate from 1.64% which indicates that the ideal mixing relation is best suited than the Nomolo s 
relation. Similar trends arc observed for the other systems also.
It may be concluded that
(i) The non-linear variation of available volume and other excess parameters indicates
association between the components.
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(ii) Ideal mixing relation is best suited with the experimental results than the Nomoto’s 
relations.
Experiment Memo to Id Mix
Figure 1. Variation of ultrasonic velocity against molar concentration
References
[1] E Freedman J Chew Phyi. 21 1784 (1955)
(2] M C Sheshagm Indian J Pure Appl. Phys 9 169 (1971)
[51 K Sheshagm and K C Reddy Atousnra (Germany) 29 59 (1975)
[4] K Ramarnoorthy and P S Varadhachari Indian J. Pure Appl. Phys 11 522 (1975)
[51 J I) Pandey, R L Mishra and J Bhntt (miss) Acoustua. (Germany) 38 85 (1977)
[6] AN Kannappan and R Palani Indian J . Phys 70B 59 (1996)
[7] S Gnanambn and B R Rao Indian J. Pure Appl Phys. 7 468 (1969)
[HI Bh Knshnamurthy C H V K S Sastry and G L N Sastry Indian J. Pure Appl Phys 5 455 (1967)
[9] V Nyderkhan and S V Subramanian Trans, h'arad. Soc. (GB) 67 2282 (1971)
110] D V S Join, O P Yadav and V Arora Indian J Chem. 10 425 (1972) 
f i l l  O Nomolo J. Phys Soc. Jpn. 13 1528 (1958)
112] N Van duel and E Vangeel Proc. 1st Ini. Conf on Calorimetry Thermodynamics, (Warsaw) 555 (1969) 
115] MV Kaulgud and K J Patti Indian J. Pure Appl. Phvs, 13 322 (1975)
[14] C S Adgaonkor, S N Jajoo and V S Deogaonkar Indian J Pure Appl Phys. 17 375 (1979)
[15] M Ramamurthy and O S Sastry Indian J. Pure Appl. Phys. 21 $79 (1983)
[16] R J Fort and W R Moore Trans. Farad Soc. (GB) 61 2102 (1975)
